The polymerization of different thiophenes in the channels of molecular sieve zeolite hosts is described. Thiophene, 3-methyIthiophene, 2,2'-bithiophene, and terthiophene were introduced into dehydrated proton-, Cu(II)-or Fe(III)-containing zeolites (NaY and Na-mordenite) from organic solvents or vapor-phase.
INTRODUCTION
Work in this laboratory has recently demonstrated the encapsulation of conjugated polymersl such as polypyrrole, polyaniline and poiythiophene in the crystalline channel systems of large-pore zeolites.
measurements show that the presence of Bronsted and probably related Lewis acidity is essential for the formation of the same oligothiophene species as observed by Caspar et al. in In the chemical synthesis of poiythiophene (PTh) 7 « 8 , the direct oxidation of the monomers with Fe(C104>3 or Cu(Cl04>2, produces the corresponding doped polymers. The polymerization reaction involves removal of 2.25 to 2.50 electrons per molecule of thiophene. The resulting polymer is produced in the oxidized state with 0.25 to 0.50 positive charges per thiophene unit, depending on the synthesis conditions.
EXPERIMENTAL
The zeolites NaY (LZY-52), NH4Y (LZY-62), and Na-mordenite (LZ-M5) were generously donated by the Union Carbide Corporation. Zeolite A (5A) was obtained from Alfa.
The zeolites were dehydrated in a flow of oxygen (1 °C/min to 100 °C, 10 h at 100 °C, and 8 h at 
°C (4 h under vacuum

Stabilization of thiophene oligomers within zeolites
An important issue in intercalative polymerization relates to reactant delivery and to the polymerization mechanism. In a recent study, thiophene oligomers were formed within the channels of zeolite beta and Na-ZSM-5 6 . Charged short-chain oligomers are inherently reactive species, and in the particular case of poiythiophene, oxidized oligomers are unstable with respect to further oiigomerization in solution. Thus, the zeolite is an excellent matrix to stabilize them. One of the questions that the above study did not address relates to the nature of the reactive sites and the reaction mechanism in the zeolite, since the oligomers were formed without any traditional oxidant, such as ferric or cupric ions.
A related polyhcterocycle, polypyrrole, is known to form in the presence of protonic acids 16 . Accordingly, one might assume that the formation of poiythiophene could proceed through the same mechanism as in polypyrrole. We propose that the presence of (probably Lewis) acid centers in the zeolite is responsible for the formation of the thiophene oligomers. Short oligomers of thiophene (Th), bithiophene (BTh) and terthiophene (TTh) were loaded from hexane into the proton-containing and Fe 111 forms of zeolite Y. Different concentrations of protons per unit cell of zeolite Y, H^Na^Y (H2Y) and fysNagY (H$Y) were used to study the effect of proton stoichiometry on the products formed. After a few minutes a change in color was noticeable in the zeolites, but to drive the reaction to completion, it was continued for 12 hours. NaY-monomer adducts produced only minor but detectable spectral changes.
H2Y and HÖY zeolites loaded with bithiophene yield a yellow-green complex. The same zeolites loaded with terthiophene produce an intense purple complex. These colors are very different from the green-black color obtained when thiophene, bithiophene, or terthiophene were loaded in FeUlY, where polymerization to poiythiophene takes place. The main features of the UV/VIS/NIR reflectance spectra (Figure 2) and their assignments to different oligomer cations according to ref. [6] are summarized in Table 3 . Because formation of the dry zeolite proton forms by heating under vacuum is usually accompanied by some dealumination, it is reasonable to assume a correlation between proton content and reactivity of the zeolite for oiigomerization.
However, treatment of similar colored samples with ammonia in a related study 1 7 resulted in bleaching, which could indicate deprotonation of the intrazeolite species. Further work is required to clarify the nature of the reactive sites for thiophene oiigomerization.
The strong bands at about 308 nm for the bithiophene loaded zeolites and at 360 nm for the terthiophene loaded zeolites correspond to the band gap transition in the neutral oligomer 6 . In the spectra of NaY zeolites loaded with these monomers, the above bands are dominant. Distinctive bands at lower energies, only present in the acid zeolites, are tentatively assigned to radical cations and dications typical of the thiophene oligomers. Bithiophene can form a stable radical cation, 
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Figure 2. Electronic reflectance spectra of thiophene oligomers in acid zeolites. The feature at 850 nm is an artifact due to change of detectors. oxidants.
